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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1010
PROJECT DESIGN CRITERIA
May 4, 2022
First Edition

All designs shall be in accordance with the latest edition of the AASHTO LRFD Bridge
Design Specifications (Governing Specifications), including all interim specifications and the West
Virginia Division of Highways Standard Specifications, Road and Bridges (Standard
Specifications) including the latest supplemental specifications.

See DD 600 information that is applicable to the roadway design criteria associated with
bridge planning. Reference is also made to DD 202, which contains the Bridge Submission
Checklists for each phase of the project.

1010.1-TYPICAL DECK TRANSVERSE SECTION

The typical deck transverse section shall be determined by the Project Manager. Generally,
the bridge width shall not be less than that of the approach roadway section and barriers shall be
provided in accordance with the Governing Specifications.

1010.2-LINE AND GRADE GEOMETRICS
The WVDOH will determine the line and grade on a project. If a Consultant is designing
the project, then the line and grade will be determined by the Consultant.

1010.3-EXISTING PROJECT RELATED INFORMATION

Early in the project, the Bridge Designer should gather as much existing information about
the project as possible. This information could prove to be extremely useful during the planning
phase of the project. Available information could consist of inspection reports, bridge replacement
studies, as-built plans on the existing bridge and roadway, among other items.

1010.4-HIGHWAY DRAINAGE, HYDROLOGY AND HYDRAULICS, HYDROLOGY,
HYDRAULICS AND SCOUR ANALYSIS

The WVDOH has developed a comprehensive Drainage Manual that shall be utilized in
establishing design frequencies for Highway Drainage, and Hydrology and Hydraulics on new and
replacement structures. See also DD 501 and Governing Specifications Section 2.6. A scour
analysis shall be performed on all waterway or stream/river crossings.
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1020
BRIDGE LAYOUT CRITERIA
May 4, 2022
First Edition

1020.1-GEOMETRIC GUIDELINES
The following are guidelines in the geometric layout of new or replacement structures:

A

The desirable berm width in front of an abutment shall be as follows:

1. A minimum berm width of three (3) feet shall be used.

2. A berm width of five (5) feet is preferred when scour countermeasures are not
used or when the berm is inundated at the elevation corresponding to the design
storm.

3. When very steep terrain is encountered, a berm width of ten (10) feet is
desirable to facilitate safe construction practices.

The berm shall be at an elevation below the bridge seat that will allow access to the

bridge seat for future maintenance. See Figure 2020.A.

1. A minimum 1.5 feet clearance between the berm and superstructure is required
except that a minimum of three (3.0) feet clearance between the bottom of the
deck slab or the bottom of adjacent box beams and berm is required, whichever
is greater. However, if the berm width is greater than ten (10) feet a minimum
three (3) feet clearance between the berm and superstructure should be used to
provide clearance for ventilation and access.

2. Where conditions warrant (e.g., steep terrain or where additional construction
clearance is required) a three (3) feet minimum clearance is preferred.

The maximum desirable skew is 30°, radial to centerline; however, elimination of

skew is preferable.

The maximum skew for the ends of box beams is 30°. When the bridge is skewed

greater than 30°, additional bridge seat width may be required along with a stepped

backwall to compensate for the difference in skew angles.

Substructure units that are either parallel to one another or radial to the roadway

curvature are desirable. The number of substructure units is determined by cost

comparisons of various span arrangements and the topography of the site.

All horizontal and vertical clearances for roadways, railroads, navigable

waterways, or any adjacent features, that require a clear zone, shall be maintained.

If they cannot be maintained, appropriate measures shall be taken to protect the

public and the structure.

The Bridge Designer shall consider the location of environmental features during

the bridge layout phase.

The maximum side slope of embankments is generally 2:1. Flatter slopes may be

warranted by the existing topography, aesthetics, or slope stability concerns.

However, steeper slopes up to 1 ¥2:1 may be utilized if soil/rock conditions permit
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and a geotechnical stability analysis is performed resulting in a minimum factor of
safety of 1.5 under the substructure.
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1020.2-BRIDGE LENGTH
The length of the bridge is determined by the attributes of the features that they cross, such
as streams, highways, railroads, and cultural and natural resources.

1020.2.1-Stream Crossings: Stream and floodplain crossings shall be designed to not make
flooding or stream instability more severe. Refer to the WVDOH Drainage Manual for further
guidance.

The geometric design of the bridge and approach roadways may be an iterative process
requiring the cooperation of the structures, roadway, hydraulic and geotechnical engineers.

The Designer should avoid a span arrangement that places a pier in or near the center of
the stream. It is preferable for pier columns to be located outside the normal flow.

1020.2.2-Highway Crossings: Bridge layouts for highway crossings are usually controlled by
the cross section of the roadway. Minimum vertical under clearances, horizontal safety
clearances and adequate sight distances will frequently control not only the overall length of the
bridge, but the span arrangement as well.

Relatively extreme gradients at either roadway grade require careful consideration of the
vertical clearances. The point of minimum under clearance can be beneath any of the
superstructure members at any point in the traveled way below. The superelevation rates for both
alignments must be evaluated throughout the layout process. The Designer should consider the
effects of future widening, final grade, live load deflection, and probability of vehicle strikes to
establish the minimum vertical clearance.

When possible, obstructions (abutments, piers, etc.) should be placed outside of the clear
zone. If an obstruction is within the clear zone, appropriate safety measures shall be incorporated,
such as (but not limited to), guardrails, crash walls, etc.

Table 1020.C shows horizontal and vertical clearances for highway crossings.

1020.2.3-Railroad Crossings: The two principal railroads currently operating in West Virginia
are the Norfolk Southern Corporation (NS) and CSX Transportation, Inc. The proposed bridge
length is determined from the embankment slopes and berm requirements similar to those for
highway crossings. See SD 1100 for clearance and additional railroad requirements.

SD 1020
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Horizontal and Vertical Clearances for Highway Crossings

Horizontal Clearance to

Obstructions Minimum Vertical Clearance

Classification™

14.5 Feet over the entire roadway. This value
includes a 6 Inch future resurfacing
allowance for new structures. **

10 Feet from edge of traveled

Local Roads
way.

Design speeds of 40 MPH and
below - 10 Feet from edge of
pavement. Design speeds of 50
MPH and above - see the
current edition of the AASHTO
Roadside Design Guide.

14.5 Feet over the entire roadway. This value
includes a 6 Inch future resurfacing
allowance for new structures. **

Rural Collectors

See the current edition of the |16.5 Feet over the entire roadway and usable
AASHTO Roadside Design shoulder. This value includes a 6 Inch future
Guide resurfacing allowance for new structures.

Two-Lane
Arterial

See the current edition of the  |16.5 Feet over the entire roadway and usable
Divided Arterial |AASHTO Roadside Design shoulder. This value includes a 6 Inch future
Guide. resurfacing allowance for new structures.

16.5 Feet over the entire roadway and usable
shoulder. This value includes a 6 Inch future
See the current edition of the  [resurfacing allowance for new structures. A

Freeway AASHTO Roadside Design minimum of 17.5 Feet should be provided to
Guide. pedestrian overpasses, sign trusses, and from
the bridge deck to cross bracing on through
trusses.

* The AASHTO functional classification system is to be used as a design type of highway for design purposes.
** Both Local Roads and Rural Collectors shall have a minimum vertical clearance of 16.5 Feet when passing under
an Interstate Route adjacent to the Interstate Interchange.

Table 1020.C
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1030
GEOTECHNICAL INVESTIGATIONS
May 4, 2022
First Edition

The purpose of this Directive is to provide Design Engineers a guide to the proper
procedures in the performance of geotechnical investigations. Specifically, this Directive is
intended to define the procedures that may be involved in performing a subsurface investigation
and the various geotechnical aspects of the design and construction of bridges and approach
embankments. For the purpose of preliminary foundation design, existing geotechnical data or
presumptive values found in the Governing Specifications may be used at the service limit state.
All new or modified substructures shall have borings drilled and the foundation soils and rock shall
be evaluated. All foundations, including pile foundations, must be designed in accordance with
the Governing Specifications.

Each project presents unique considerations and requires engineering judgment based on a
thorough knowledge of the individual situation. This Directive is not intended to serve as the
geotechnical scope of services for individual projects. The scope of services dictates the specific
practices, which are to be used on a particular project. Additionally, the scope defines the required
interaction between the Design Engineer and those performing the geotechnical work. For In-
House designed bridges, and for District designed bridges, if needed, the bridge engineer shall
determine the scope of the investigation with the Geotechnical Section of the Technical Support
Division.

Details of coring requirements shall be contained in the Core Boring Contract Documents
in the Span Arrangement Report. Core Boring Contract Documents are available from the
Engineering Division and the WVDOH Web Site. Determination of soil and rock properties shall
be in accordance with the Governing Specifications.

SD 1030
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1033
SCOUR ANALYSIS
May 4, 2022
First Edition

A scour analysis will be performed on all waterway and stream/river crossings. The
attached Form DS 34 shall be completed and included in project documents.

SD 1033
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FORM Ds-34 SCOUR EVALUATION SUMMARY Page 1 of 2
Revised May 2022
(1) Bridge Number (2) BARS Number
(3) Name
(4) Route (5) County (6) District
(7) Stream
(8) Location (9) Construction Date
(10)  Scour Evaluation Priority (11) ADT in
SCREENING (12) Scour Potential (13) Screening Category
Yes No (1A) Low Risk
(1B) Scour Susceptible
(1C) Unknown Foundation
(14) Summary of Screening Evaluation (S¢¢ Note 1):
(15) Recommendations based on screening (See Not 2):

(16) Recommended DS 21 Code, Sheet 8, Item 19, Col. 3

(17)  Screening By: Date:

Note 1  If structure does not have scour potential and scour potential is checked "No", then it cannot be classified as
"Low Risk", "Scour Susceptible” or "Unknown Foundation”. If structure is classified as having no scour
potential or Low Risk, provide justification for classifying as no scour potential or assigning to Low Risk
category. If unknown foundation, provide the action proposed to determine foundation details.

Note 2 If scour evaluation indicates a scour critical situation then a positive recommendation must be made for

needed corrective action, as well as proposed method of implementing the corrective action. Scour critical
situations must be documented and tracked as a critical deficiency per the requirements of BMD A-63 and
BMD A-64. If scour susceptible, provide results of scour depth analysis and resultant evaluation. Provide

additional sheets or details as necessary to adequately document the evaluation.

SD 1033
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FORM DS-34

SCOUR EVALUATION Page 2 of 2
(18) Blank (19) Scour Potential?  (20) Scour Category?
Yes No 1A, Low Risk

1D, Scour Critical

(21) Summary of Scour Evaluation (¢ Net2).

(22) Recommendations based on Scour Evaluation (¢ Not 2):

(23) Recommended code for DS21, Sheet 8, Item 19, Col.32:

(24) Evaluation By: (25) Date

CORRECTIVE ACTION  (26) Corrective Action Complete

(27) Recommended Revised Code for DS 21 Code, Sheet 8, Item 19, Col. 3

(28) Reported By: Date:

SD 1033
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1040
STRUCTURAL SYSTEM SELECTION
May 4, 2022
First Edition

1040-STRUCTURAL SYSTEM SELECTION

The WVDOH encourages diversity in studying a wide range of bridge systems for each
project. However, the number and complexity of the systems studied will vary for each specific
site. A bridge structural system consists of a superstructure and substructure.

All feasible superstructure types must be considered in the preliminary phases of the
project. Haul lengths and weight limits should be verified by the Designer by contacting suppliers
in the area. Prior to the submission of the Span Arrangement, the Designer shall meet with the
Bridge Project Manager to discuss the span arrangement alternatives that will be included in the
submission. In the case of a bridge design by a consultant, this meeting is referred to as the Pre-
Span Arrangement meeting. At this meeting, the Designer and the Bridge Project Manager will
make decisions on what superstructure, abutment, pier types and span arrangements should be
studied in the span arrangement phase of the project. The following sections discuss some of the
steel and concrete superstructure types that are used by the WVDOH. All structures studied shall
accommodate their anticipated movements. In this regard, jointless bridges are to be used
whenever possible. However, for very long structures, the Bridge Designer shall minimize the
number of intermediate expansion joints.

The substructure consists of abutments and piers founded on various types of foundations.
Common abutment and pier types along with foundation types are also described later in this
section.

1040.1-STEEL SUPERSTRUCTURE TYPES

Steel superstructures should be considered for any span length ranging from twenty (20)
feet to 900 feet or more. Generally, the following table, Table 1040.A, can be used as a guideline
for selecting steel superstructure types.

SPAN LENGTH (Feet) SUPERSTRUCTURE TYPE

20 to 100 Rolled Beams
60 to 130 Rolled Beams with Cover Plates
80 to 400 Welded Plate Girders
200 to 400 Box Girders
400 to 900 Truss
500+ Cable Stayed
650+ Tied Arch

Table 1040.A

SD 1040
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The superstructure should be designed such that the structure has redundant load paths and
is not considered fracture critical. Some designs, especially truss and tied arch designs, are
generally, by their very nature, fracture critical. As defined in the Governing Specifications, a
Fracture-Critical Member (FCM) is a “Component in tension whose failure is expected to result in
the collapse of the bridge or the inability of the bridge to perform its function”. The Designer is
to declare at Span Arrangement or TS&L if the structure is fracture critical. Design calculations,
welding procedures, and material specifications can be incorporated into the project to make the
use of these superstructure types acceptable.

Unpainted weathering steel in bridge construction has been shown to be a cost-effective
choice when the site conditions are appropriate for its use. The cost savings associated with the
use of weathering steel is realized both in initial construction and in long-term maintenance of the
structure. Unpainted weathering steel will be used for construction whenever appropriate. For a
more detailed discussion. See SD 2039.

High performance steel should also be considered when determining viable superstructure
alternatives. It has been found to not only provide cost savings but also increase the serviceability
of a structure. For a more detailed discussion, see the WVDOH’s policy on high performance
steel, SD 2031.

Painted steel may be used where the use of weathering steel is not permitted. These
locations include:

A. Wet environments.

B. Industrial areas where concentrated chemical fumes may drift directly onto the

structure.

C. Grade separations resulting in “tunnel-like” conditions.

D. Low level water crossings.

E. Other locations as determined by the Bridge Project Manager.

The following section discusses the various types of steel superstructure types and
guidelines for when to consider them.

1040.1.1-Rolled Beams: Rolled beams should be considered for any span length ranging from
twenty (20) feet to one hundred (100) feet. With cover plates, the span range of rolled beams can
be extended to 130 feet. However, only end bolted cover plates shall be used. See Figure 1040.B.
The Designer shall determine the availability of any rolled section considered, including lengths
and grade of steel.

The Designer should minimize the number of beam lines. Rolled beam bridges should
have a minimum of three stringer lines, however four is desired.

Continuous spans shall be used for multi-span bridges. The ratio of the length of the end
spans to the intermediate spans should preferably be 0.75.

SD 1040
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1040.1.2-Plate Girders: Plate girders should be considered for any span length ranging from
eighty (80) feet to 400 feet. The Designer shall carefully evaluate the bridge cross section to ensure
appropriate girder spacing. Substantial cost savings may be realized early in the design process.
The following shall be considered during the span arrangement study:

A. Use of wider girder spacing to eliminate girder lines, in some cases, may increase the
total weight of the steel. However, the savings realized through fabrication of fewer
girders, fewer cross frames and bearings, as well as savings realized through shorter
erection time will often offset an increase in raw steel cost. Three girder lines is the
minimum unless the system is structurally redundant and not fracture critical,
however four is desired.

B. Consultation with fabricators and erectors is recommended to assess the fabrication
and erection costs of the girders.

Generally, continuous spans shall be used for multi-span bridges. The ratio of the length
of the end spans to the intermediate spans should preferably be 0.75. If the end span to intermediate
span ratio is small, anchored end spans shall be used to eliminate any uplift problems at the
abutments. Configurations experiencing uplift shall be approved by the State Bridge Engineer.
The Bridge Designer should also consider the economics of a system designed span by span (i.e.,
simply supported for dead load and continuous for live load).

Detailing interior and exterior girders the same is often desirable. Therefore, when
designing tangent bridges, consider “balancing” the total factored design stress for interior and
exterior girders to yield similar performance. Balancing factored design moments is accomplished
by adjustment of girder spacing and overhang dimensions. This type of study may be efficiently
performed using simple line girder analyses. Consult with fabricators to ascertain the least cost
approach.

Limit girder spacing to fifteen (15) feet for typical girder structures. For girder/sub-stringer
framing arrangements, the main girders may be efficiently spaced at twenty (20) feet to 22 feet.
Large girder spacings may cause an increase in the structural thickness of the deck slab. Therefore,
evaluation of larger girder spacings must be accompanied by an evaluation and cost analysis of the
deck slab. Steel fabrication and erection savings may be partially offset by an increase in deck
cost.

Optimize the girder weight by investigating various web depths.

The minimum web thickness for plate girders is 7/16 inches. Increment the web thickness
by a minimum of 1/16 inch. It is generally more economical to maintain a constant web thickness
throughout a project. However, the web thickness may be varied at field splices, or less desirable,
at shop splices. The Designer shall consult with a steel fabricator to determine the most
economical location of a splice, and whether or not the added cost of additional web thickness will
be offset by changing the web thickness.

1040.1.3-Box Girders: Steel box girders can be considered as an alternate for steel plate girders
for span length ranging from two hundred (200) feet to 400 feet.

A box girder has two or more vertical or inclined webs, a continuous bottom flange plate
connecting the webs, and narrow top flange plates on each web. The box girder cross-section
having a hollow rectangular or trapezoidal section is a suitable candidate in an urban setting where
aesthetics play an important role in bridge type selection. The closed section of a box girder has
high torsional resistance, which makes them economical for curved bridges.

SD 1040
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1040.1.4-Trusses: Trusses can be used for bridges over navigable river crossings with spans from
four hundred (400) feet to 900 feet or where aesthetics play an important part in the bridge type.
The main structural elements of a typical bridge truss consist of stringers, floor beams, top chord,
bottom chord, vertical and diagonal members of the main longitudinal trusses, lateral bracings and
sway bracings. Chord members carry the bending moment while the diagonals carry the shear.
Axial loads are the predominant forces in all truss members.

Based on aesthetics and the object of reducing the total truss weight, it is preferable to use
a curved chord truss rather than a truss with parallel chords. Truss bridges can be designed as
simple or continuous spans. Simple span trusses for multi span bridges are recommended only
when problems due to excessive foundation settlement is anticipated. For a continuous truss bridge
with three or more spans, a common method of construction utilizing cantilevered end spans that
support the central suspended span can be used.

The stringers can be designed similar to steel rolled beam bridge members. The floor
beams are generally plate girders with variable plate sizes. Generally, the truss members are
composite box sections made of welded plates and the bracing members are rolled W, T or channel
shapes. The use of high-performance steel shall be investigated in the span arrangement study for
main truss members, stringers, and floor beams.

1040.1.5-Cable Stayed: Cable-stayed bridges are competitive for medium and long spans, five
hundred (500) feet to 1,500 feet. The superstructure, consisting of a concrete deck on steel girders,
is supported at several intermediate points by cables radiating from one or more towers. Generally,
a cable stayed bridge system consists of a three-span structure with a long main span and two
smaller end spans.

1040.1.6-Tied Arch: Tied arch bridges can also be used for medium and long spans, 650 feet to
1700 feet. A tied arch may also be used as a center span in conjunction with plate girder approach
spans. The high horizontal reactions induced in large span arches are carried by the tie-girder,
which is essentially a tension member connecting both ends of the arch itself. The rib of an arch
bridge can be either a girder member or a truss.

1040.2-CONCRETE SUPERSTRUCTURE TYPES

Concrete superstructure types should be considered for any span length ranging from
twenty (20) feet to 700 feet or more. Generally, the following, Table 1040.C, can be used as a
guide for selecting concrete superstructure types.

SPAN LENGTH (Feet) SUPERSTRUCTURE TYPE
up to 30 Slab Bridges
20 to 100 Box Beams
3510 165 | — Girders
165 to 300 Post Tensioned | — Girders (Drop-In)
100 to 180 Segmental Concrete Boxes (Span-By-Span)
150 to 450 Segmental Concrete Boxes (Precast)
450 to 700 Segmental Concrete Boxes (Cast-In-Place)
500+ Cable Stayed
Table 1040.C
SD 1040
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The possible exceptions to the use of precast concrete beams are structures with severe
horizontal curvature, vertical curvature, limitations on structure depth, skew greater than
acceptable limits, and restrictions on transportation.

Concrete compressive strengths for commonly used precast beams shall be no less than
6,000 PSI (5,500 PSI for WVDOH Standard Box Beams) at release (f°ci) with a minimum final
compressive strength of 8,000 PSI (f¢).

High strength concrete (HSC) should also be considered when determining possible
concrete superstructure alternatives. Precast beams may be designed using high strength concrete
with a final compressive strength of up to 10,000 PSI and a release strength of up to 9,000 PSI.
HSC allows engineers to design structures with smaller beams when clearance criteria needs to be
met, reduce dead loads for more cost efficient substructures, and increase span lengths over
conventional concrete.

The following discusses the various types of concrete superstructure types and guidelines
for when to consider them.

1040.2.1-Slab Bridges: This superstructure type consists of a reinforced concrete slab with the main
reinforcing parallel to the direction of traffic. This type of structure may be economical for very
short span bridges, generally less than thirty (30) feet in length.

1040.2.2-Box Beams: For short span bridges of one hundred (100) feet or less, prestressed
concrete box beams may be considered an economical solution.
Three basic cross-sectional configurations are commonly used. They are:
A. Adjacent box beams with or without a hot-laid bituminous concrete (HLBC) wearing
surface.
B. Adjacent box beams with a composite reinforced concrete deck.
C. Spread box beams with a composite reinforced concrete deck.

Note: All bridges, including adjacent box beam bridges, on routes designated as
coal haul roads and/or subject to heavily loaded trucks shall have composite
reinforced concrete decks.

Factors involved in the choice of box beam configuration design should include but are not
limited to economics, traffic type and volume, time constraints, and method of construction
(whether by contract or state construction crews which generally have limited construction
capabilities). The Bridge Designer should verify capabilities with the District prior to designing a
structure that will be built with state forces.

1040.2.3-Prestressed Concrete Beams: AASHTO Type I, II, 1II, IV or Type IV Modified
prestressed concrete beams should be considered for bridges with spans from twenty-five (25) feet
to 145 feet. The maximum span length is based on the haul capacity for a particular project site
and shall be verified with a prestressed concrete beam supplier familiar with the project location.
For continuous spans, the bridge system shall be designed simply supported for dead load and
continuous for live load and superimposed dead load only. The Designer should minimize the
number of beam lines. Prestressed concrete beam bridges should have a minimum of three beam
lines.

SD 1040
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The Engineer or Design of Record should verify availability of shapes from multiple
fabricators.
Approximate Maximum Span Lengths (Feet)

Beam Spacing (Feet)
14 12 10 8 6

- I | 25 30 35 40 45

E | 40 45 50 55 60

o | 60 65 70 75 85
= v | 75 85 90 95 105
2 vV | 95 100 | 110 | 120 | 125
< VI | 105 | 115 | 120 | 130 | 135
60 IN | 85 95 100 | 110 | 120
>3 [ 66IN | 95 100 | 110 | 120 | 125
2£ [72IN [ 100 | 110 | 120 | 125 | 135
S [78IN | 110 | 115 | 125 | 130 | 140
84IN | 1156 | 125 | 130 | 135 | 145

NOTE: These values are approximate and should be used for preliminary design
purposes only. These values shall not be used for final design. The designs were
based on single span (simply supported) bridges with 32 Inch Type F barriers, no
sidewalks and utilizing concrete with a release strength (f’¢;) of 6,000 PSI and a
final strength (f°¢) of 8,000 PSI.

Table 1040.D

1040.2.4-Post-Tensioned I-Beams (Drop-In): Using post-tensioned drop-in spans can increase
span lengths for prestressed concrete beams. The drop-in segments will be field spliced and beam
post-tensioned as specified within the contract plans. At the field splice locations, temporary
shoring towers or strongbacks may be required.

1040.2.5-Segmental Concrete Boxes: Segmental concrete boxes are an economical solution for
bridges with span lengths over 100 FT and where repetition of the box fabrication can be achieved.
There are three methods of construction for segmental concrete: span-by-span, balanced
cantilever, and cast-in-place. Each offers advantages in different situations.
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1040.2.6-Cable Stayed: Cable-stayed bridges are competitive for medium and long spans, 500
feet to 1500 feet. The superstructure, consisting of a concrete deck on prestressed concrete beams,
is supported at several intermediate points by cables radiating from one or more towers.

1040.3-ABUTMENT TYPES: Abutments are structures positioned at the beginning and end of
a bridge, which support the superstructure and approach roadway and retains the earth
embankment. Abutments can be classified into the following five types:

Wall Type Abutment.

Pedestals.

Stub Abutment.

Integral Abutment.

Semi-Integral Abutment.

Geosynthetic Reinforced Soil — Integrated Bridge System (GRS-IBS).

mTmMmoOO P

1040.3.1-Wall Abutment: This type of abutment, also known as a full height abutment, may be
used when right-of-way is critical or the site does not permit a longer bridge with sloping
embankments. Span lengths can be reduced using a wall type abutment. The footing may transfer
loads by direct bearing (spread footing) or it may be supported on piles or rock socketed drilled
shafts.

The maximum exposed face should generally be thirty (30) feet, measured from gutter line
to ground line in the profile view. Taller heights may be permitted, with permission of the Bridge
Project Manager, when the negative effects of a tall structure on the traveling public or aesthetics
are not a governing factor. Otherwise, where walls greater than thirty (30) feet are required, a
stepped (terraced) wall configuration shall be used.

1040.3.2-Pedestals: The beam seat is supported on columns/drilled shaft or pedestals resting on
individual footings. This configuration is useful for meeting unique construction problems, e.g.,
widely varying elevations of competent rock.

1040.3.3-Stub Abutment: Stub abutments are relatively short abutments that resemble wall type
abutments. These abutments are generally placed on the approach embankment and are supported
on rock, piles or rock socketed drilled shafts.

1040.3.4-Integral Abutment: Integral abutments are generally short abutments supported on a
single row of piling. These abutments, like stub abutments, are generally placed on approach
embankments and are well suited for bridges with limited thermal movements. The ends of the
bridge beams are cast directly into the abutments, thereby eliminating the need for bridge deck
expansion devices.

This abutment type can be used in combination with MSE walls to provide the benefits of
a wall type abutment while satisfying the preference for using jointless bridges.

See SD 2090 for limitations on the use of integral abutments.

1040.3.5-Semi-Integral Abutment: Semi-integral abutments can be either wall or stub type
abutments. The difference between a semi-integral and an integral abutment is that for semi-
integral abutments, the beams are cast in a closure diaphragm that is structurally independent from
the stem. This type also eliminates the need for bridge deck expansion devices.

See SD 2090 for limitations on the use of semi-integral abutments.

SD 1040
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1040.3.6-Geosynthetic Reinforced Soil-Integrated Bridge System Abutment (GRS-IBS):
GRS-IBS Abutments were initially developed by FHWA and can provide an economic alternative
to other abutment types especially where adjacent box beams are used and scour is not considered
to affect the foundations. The GRS-IBS abutment type consist of high-performance woven
geotextile and open graded stone such as # 8 crushed stone. For low abutment heights, this
abutment type can save time since concrete curing time is eliminated. The integrated approaches
provide the reinforced backfill required for bridges and can eliminate the need for approach and
sleeper slabs on low ADT bridges. Since the bridge is supported on the layers of GRS and no deep
foundations are needed, “the bump at the end of the bridge” is eliminated. Standard 8 IN split face
masonry block should be used as the facing.

It is important to place GRS-IBS abutments adjacent to non-scourable streams (hard
bedrock is exposed), or where the existing abutments can provide a scour wall, or where the
Reinforced Soil Foundation (RSF) can be placed below the scour depth. All GRS-IBS bridge
locations shall be approved by the State Bridge Engineer.

The design of GRS-IBS abutments is empirically based on a service limit bearing resistance
of 4,000 PSF provided by the criteria presented in “Geosynthetic Reinforced Soil Integrated Bridge
System Interim Implementation Guide”. Publication No. FHWAHRT-11-026, is followed.

1040.3.7-Wingwalls: Wingwalls are walls on either side of an abutment used to retain the
roadway embankment. Wingwalls can be constructed of cast-in-place concrete or MSE walls and
shall be designed as retaining walls. They shall be sufficiently sized to prevent the roadway
embankment from spilling onto the abutment seats or into the clear area under the bridge.

U-shaped or turned-back wingwalls are commonly used in embankment situations and
straight wings are used in cut sections. Flared wingwalls between these extremes can also be
appropriate based on site conditions. The Designer must study the existing and proposed surfaces
to determine which type of wingwalls best fits the site. Wingwalls with a tapered bottom surface
shall be avoided due to compaction difficulties beneath the wall. The top surface of U-shaped
wingwalls may be tapered parallel to the roadway slope to match the finished grade.

1040.4-PIER TYPES
Piers are intermediate supports in a multi-span bridge system. All feasible pier types must
be considered in the preliminary phases of the project.

1040.4.1-Cap-and-Column Type Piers: Cap-and-column type piers have two or more circular
or rectangular columns connected on top with a cap (a reinforced concrete beam that supports the
superstructure). Generally, the pier cap ends will be cantilevered. For columns greater than one
hundred (100) feet to 150 feet, the use of a compression strut at mid-height, similar to the pier cap,
shall be investigated. The individual columns will be supported on an appropriate foundation.

1040.4.2-T-Type or Hammerhead or Wall Type Piers: T-type or Hammerhead piers have a
deep rectangular tapered beam carrying the superstructure supported on a single wide rectangular
or oval column in the middle. For wall type piers, the width of the rectangular column will be very
close to the length of the pier cap. The single column will be supported on an appropriate
foundation. In some situations, the feasibility of using a single large circular column instead of a
wide rectangular or oval column has to be investigated during the preliminary design phase of the
project.

SD 1040
Page 10 of 12



1040.4.3-Post-Tensioned Concrete/Integral Pier Caps: To satisfy the vertical clearance
requirement beneath a pier cap, a post-tensioned or integral pier cap shall be investigated.

1040.4.4-Steel Pier Caps: Steel pier caps are fracture critical. If used, the design shall allow for
reasonable access to the interior for future maintenance, inspection, and repair.

1040.5-FOUNDATION TYPES

All feasible foundation types must be considered in the preliminary phases of the project.
The WVDOH’s policy is to found all new bridge foundations on rock. However, bridges may be
allowed to be supported on Intermediate Geomaterial (IGM) at the discretion of the Geotechnical
Engineer.

1040.5.1-Spread Footing: Spread footings have been found to be economical for depths to twenty
(20) feet. Preferably, spread footings should be founded on rock. However, spread footing
foundations may be supported on Geosynthetic Reinforced Soil-Integrated Bridge Systems or
MSE retaining wall backfill.

In situations where a cofferdam may be required for the construction of a spread footing,
the cost of the cofferdam shall be included when comparing foundation options. Spread footing
foundations shall be placed below the scour depth. Other concerns to consider include the stability
of approach embankments, differential settlement, etc.

1040.5.2-Piling: Piling must be designed for both axial and lateral loads as appropriate. As a
minimum, piling shall be sized using a wave equation program such as GRLWEAP. Loads may
include external (non-structure related) as well as structural loads. For example, pile foundations
might be used to enhance stability of the approach embankment if the embankment factor of safety
is questionable.

Piling to competent rock will normally be designed as end bearing and driven to refusal.
Additional loading from negative skin friction (downdrag forces), resulting from embankment
settlement, must be added to that from structural loads and any other external loads. Battered piles
may be required to help resist lateral loads but shall be avoided wherever possible. Pile tips shall
be used for refusal on rock. The cost for pile tips shall be included in the cost estimate for the pile
foundation.

With permission of the Bridge Project Manager, friction piles and end bearing piles on
non-competent rock strata may be considered when site-specific conditions warrant and when all
other concerns (such as settlement or scour) are addressed.

The minimum piling length shall be ten (10) feet. See SD 2120.

For integral abutments, single-line piling systems shall be used, predrilled fifteen (15.0)
feet deep using one (1.0) foot diameter for soil or two (2.0) foot diameter for rock.

Foundations supported on piling should be placed below the scour depth. When the bridge
scour computations indicate that the steel piling may be exposed due to scour, then the piling cap
placement must be designed in accordance with SD 2120.

1040.5.3-Rock Socketed Drilled Shafts: Rock socketed drilled shafts provide superior scour
protection versus traditional steel piling, greater resistance against high lateral and uplift loads,
and accommodation of site concerns associated with the pile driving process (vibrations,
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interference due to battered piles, etc.), and in some cases exclude the need of cofferdams. In
addition, rock socketed drilled shafts may eliminate the need of caisson caps, for certain
configurations such as single or multiple column piers.

Rock socketed drilled shafts shall be designed using soil-structure intersection software
such as LPILE. The rock socket length shall be determined as to the second node that crosses the
zero-deflection line in the service limit state. For strong rock both end and side resistance can be
added directly. For soft rock, such as claystone and soft siltstone, only end resistance shall be
used.

Construction techniques shall be in accordance with the Standard Specifications. These
include testing by the Division of: pre-installation core holes, wet or dry hole condition,
plumbness, shaft sidewall and bottom cleanliness, and concrete inspection. Results from the
testing may require remedial action from the Contractor.
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1041
STEEL SUPERSTRUCTURE TYPES
May 4, 2022
First Edition

Steel superstructures should be considered for any span length ranging from twenty (20)
feet to nine hundred (900) feet or more. Generally, Table 1041.A can be used as a guideline for
selecting steel superstructure types.

SPAN LENGTH (Feet) SUPERSTRUCTURE TYPE

20 to 100 Rolled Beams
60 to 130 Rolled Beams with Cover Plates
80 to 400 Welded Plate Girders
200 to 400 Box Girders
400 to 900 Truss

500+ Cable Stayed

650+ Tied Arch

Table 1041.A

The superstructure should be designed such that the structure has redundant load paths and
is not considered fracture critical. Some designs, especially truss and tied arch designs, are
generally, by their very nature, fracture critical. As defined in the Governing Specifications, a
Fracture-Critical Member (FCM) is a “Component in tension whose failure is expected to result in
the collapse of the bridge or the inability of the bridge to perform its function.” The Designer is
to declare at Span Arrangement or TS&L if the structure is fracture critical. Design calculations,
welding procedures, and material specifications can be incorporated into the project to make the
use of these superstructure types acceptable.

Unpainted weathering steel in bridge construction has been shown to be a cost-effective
choice when the site conditions are appropriate for its use. The cost savings associated with the
use of weathering steel is realized both in initial construction and in long-term maintenance of the
structure. Unpainted weathering steel will be used for construction whenever appropriate. For a
more detailed discussion, see SD 2039.

High performance steel should also be considered when determining viable superstructure
alternatives. It has been found to not only provide cost savings but also increase the serviceability
of a structure. For a more detailed discussion, see the WVDOH’s policy on high performance
steel, SD 2031.5.

Painted steel may be used where the use of weathering steel is not permitted. These
locations include:

A. Wet environments

SD 1041
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B. Industrial areas where concentrated chemical fumes may drift directly onto the
structure

C. Grade separations resulting in “tunnel-like” conditions

D. Low level water crossings

E. Other locations as determined by the Bridge Project Manager

The following section discusses the various types of steel superstructure types and
guidelines for when to consider them.

1041.1-ROLLED BEAMS

Rolled beams should be considered for any span length ranging from twenty (20) to one
hundred (100) feet. With cover plates, the span range of rolled beams can be extended to 130 feet.
However, only end bolted cover plates shall be used. See Figure 1041.B. The Designer shall
determine the availability of any rolled section considered, including lengths and grade of steel.

The Designer should minimize the number of beam lines. Rolled beam bridges should
have a minimum of three stringer lines, however four is desired.

Continuous spans shall be used for multi-span bridges. The ratio of the length of the end
spans to the intermediate spans should preferably be 0.75.

1041.2-PLATE GIRDERS

Plate girders should be considered for any span length ranging from eighty (80) feet to 400
feet. The Designer shall carefully evaluate the bridge cross section to ensure appropriate girder
spacing. Substantial cost savings may be realized early in the design process. The following shall
be considered during the span arrangement study:

A. Use of wider girder spacing to eliminate girder lines, in some cases, may increase the
total weight of the steel. However, the savings realized through fabrication of fewer
girders, fewer cross frames and bearings, as well as savings realized through shorter
erection time will often offset an increase in raw steel cost. Three girder lines is the
minimum unless the system is structurally redundant and not fracture critical, however
four is desired.

B. Consultation with fabricators and erectors is recommended to assess the fabrication
and erection costs of the girders.

Generally, continuous spans shall be used for multi-span bridges. The ratio of the length
of the end spans to the intermediate spans should preferably be 0.75. If the end span to intermediate
span ratio is small, anchored end spans shall be used to eliminate any uplift problems at the
abutments. Configurations experiencing uplift shall be approved by the State Bridge Engineer.
The Bridge Designer should also consider the economics of a system designed span by span (i.e.,
simply supported for dead load and continuous for live load).
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Detailing interior and exterior girders the same are often desirable. Therefore, when
designing tangent bridges, consider “balancing” the total factored design stress for interior and
exterior girders to yield similar performance. Balancing factored design moments is accomplished
by adjustment of girder spacing and overhang dimensions. This type of study may be efficiently
performed using simple line girder analyses. Consult with fabricators to ascertain the least cost
approach.

Limit girder spacing to fifteen (15) feet for typical girder structures. For girder/sub-stringer
framing arrangements, the main girders may be efficiently spaced at twenty (20) feet to 22 feet.
Large girder spacings may cause an increase in the structural thickness of the deck slab. Therefore,
evaluation of larger girder spacings must be accompanied by an evaluation and cost analysis of the
deck slab. Steel fabrication and erection savings may be partially offset by an increase in deck
cost.

Optimize the girder weight by investigating various web depths.

The minimum web thickness for plate girders is 7/16 inches. Increment the web thickness
by a minimum of 1/16 inch. It is generally more economical to maintain a constant web thickness
throughout a project. However, the web thickness may be varied at field splices, or less desirable,
at shop splices. The Designer shall consult with a steel fabricator to determine the most economical
location of a splice, and whether or not the added cost of additional web thickness will be offset
by changing the web thickness.

1041.3-BOX GIRDERS

Steel box girders can be considered as an alternate for steel plate girders for span length
ranging from two hundred (200) feet to 400 feet.

A box girder has two or more vertical or inclined webs, a continuous bottom flange plate
connecting the webs, and narrow top flange plates on each web. The box girder cross-section
having a hollow rectangular or trapezoidal section is a suitable candidate in an urban setting where
aesthetics play an important role in bridge type selection. The closed section of a box girder has
high torsional resistance, which makes them economical for curved bridges.

1041.4-TRUSSES

Trusses can be used for bridges over navigable river crossings with spans from four
hundred (400) feet to 900 feet or where aesthetics play an important part in the bridge type. The
main structural elements of a typical bridge truss consist of stringers, floor beams, top chord,
bottom chord, vertical and diagonal members of the main longitudinal trusses, lateral bracings, and
sway bracings. Chord members carry the bending moment while the diagonals carry the shear.
Axial loads are the predominant forces in all truss members.

Based on aesthetics and the object of reducing the total truss weight, it is preferable to use
a curved chord truss rather than a truss with parallel chords. Truss bridges can be designed as
simple or continuous spans. Simple span trusses for multi span bridges are recommended only
when problems due to excessive foundation settlement is anticipated. For a continuous truss bridge
with three or more spans, a common method of construction utilizing cantilevered end spans that
support the central suspended span can be used.

The stringers can be designed similar to steel rolled beam bridge members. The floor
beams are generally plate girders with variable plate sizes. Generally, the truss members are
composite box sections made of welded plates and the bracing members are rolled W, T, or channel
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shapes. The use of high-performance steel shall be investigated in the span arrangement study for
main truss members, stringers, and floor beams.

1041.5-CABLE STAYED

Cable-stayed bridges are competitive for medium and long spans (500 FT to 1500 FT).
The superstructure, consisting of a concrete deck on steel girders, is supported at several
intermediate points by cables radiating from one or more towers. Generally, a cable stayed bridge
system consists of a three-span structure with a long main span and two smaller end spans.

1041.6-TIED ARCH

Tied arch bridges can also be used for medium and long spans (650 FT to 1700 FT). A
tied arch may also be used as a center span in conjunction with plate girder approach spans. The
high horizontal reactions induced in large span arches are carried by the tie-girder, which is
essentially a tension member connecting both ends of the arch itself. The rib of an arch bridge can
be either a girder member or a truss.
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1042
CONCRETE SUPERSTRUCTURE TYPES
May 4, 2022
First Edition

Concrete superstructure types should be considered for any span length ranging from
twenty (20) feet to seven hundred (700) feet or more. Generally, the following table, Table 1042.A
can be used as a guide for selecting concrete superstructure types.

SPAN LENGTH (Feet) SUPERSTRUCTURE TYPE
up to 30 Slab Bridges
20 to 100 Box Beams
35t0 165 | - Girders
165 to 300 Post Tensioned | - Girders (Drop-In)
100 to 180 Segmental Concrete Boxes (Span-By-Span)
150 to 450 Segmental Concrete Boxes (Precast)
450 to 700 Segmental Concrete Boxes (Cast-In-Place)
500+ Cable Stayed
Table 1042.A

The possible exceptions to the use of precast concrete beams are structures with severe
horizontal curvature, vertical curvature, limitations on structure depth, skew greater than
acceptable limits, and restrictions on transportation.

Concrete compressive strengths for commonly used precast beams shall be no less than
6,000 PSI (5,500 PSI for WVDOH Standard Box Beams) at release (f’ci) with a minimum final
compressive strength of 8,000 PSI ().

High Strength Concrete (HSC) should also be considered when determining possible
concrete superstructure alternatives. Precast beams may be designed using high strength concrete
with a final compressive strength of up to 10,000 PSI and a release strength of up to 9,000 PSI.
HSC allows engineers to design structures with smaller beams when clearance criteria needs to be
met, reduce dead loads for more cost efficient substructures, and increase span lengths over
conventional concrete.

1042.1-SLAB BRIDGES

This superstructure type consists of a reinforced concrete slab with the main reinforcing
parallel to the direction of traffic. This type of structure may be economical for very short span
bridges, generally less than thirty (30) feet in length.

SD 1042
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1042.2-BOX BEAMS

For short span bridges of one hundred (100) feet or less, prestressed concrete box beams
may be considered an economical solution.

Three basic cross-sectional configurations are commonly used. They are:

A. Adjacent box beams with or without a hot-laid bituminous concrete (HLBC) wearing

surface.
B. Adjacent box beams with a composite reinforced concrete deck.
C. Spread box beams with a composite reinforced concrete deck.

NOTE: All bridges, including adjacent box beam bridges, on routes designated as
coal haul roads and/or subject to heavily loaded trucks shall have composite
reinforced concrete decks.

Factors involved in the choice of box beam configuration design should include but are not
limited to economics, traffic type and volume, time constraints, and method of construction
(whether by contract or state construction crews which generally have limited construction
capabilities). The Bridge Designer should verify capabilities with the District prior to designing a
structure that will be built with state forces.

1042.3-PRESTRESSED CONCRETE BEAMS

Prestressed concrete beams should be considered for bridges with spans from twenty five
(25) feet to 145 feet. The maximum span length is based on the haul capacity and availability for
a particular project site and shall be verified with a prestressed concrete beam supplier familiar
with the project location. For continuous spans, the bridge system shall be designed simply
supported for dead load and continuous for live load and superimposed dead load only. The
Designer should minimize the number of beam lines. Prestressed concrete beam bridges should
have a minimum of three stringer lines.

The design of all structures that utilize prestressed concrete I-beam sections will be
accomplished using beam sections locally available. Beam sections shown in Figure 1042.B
represent a historical list of available shapes of prestressed concrete beams.
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Prestressed concrete beams shall be spaced to optimize girder size and strand usage.
Examples of beam types, spacings and span lengths are shown in Table 1042.B.

Approximate Maximum Span Lengths (Feet)

Beam Spacing (Feet)
14 12 10 8 6

. I | 25 30 35 40 45

E | 40 45 50 55 60

o | 60 65 70 75 85
i v | 75 85 90 95 105
2 vV | 95 100 | 110 | 120 | 125
< VI | 105 | 1156 | 120 | 130 | 135
60 IN | 85 95 100 | 110 | 120
>3 [ 66IN | 95 100 | 110 | 120 | 125
2E [72IN [ 100 | 110 | 120 | 125 | 135
S [78IN | 110 | 115 | 125 | 130 | 140
84IN | 115 | 125 | 130 | 135 | 145

NOTE: These values are approximate and should be used for preliminary design
purposes only. These values shall not be used for final design. The designs were
based on single span (simply supported) bridges with 32 Inch Type F barriers, no
sidewalks and utilizing concrete with a release strength (f’¢;) of 6,000 PSI and a
final strength (f°¢) of 8,000 PSI.

Table 1042.B

1042.4-POST-TENSIONED I-BEAMS (DROP-IN)

Using post-tensioned drop-in spans can increase span lengths for prestressed concrete
beams. The drop-in segments will be field spliced and beam post-tensioned as specified in the
contract plans. At the field splice locations, temporary shoring towers or strongbacks may be
required.

1042.5-SEGMENTAL CONCRETE BOXES

Segmental concrete boxes are an economical solution for bridges with span lengths over
100 FT and where repetition of the box fabrication can be achieved. There are three methods of
construction for segmental concrete: span-by-span, balanced cantilever, and cast-in-place. Each
offers advantages in different situations.

1042.6-CABLE STAYED

Cable-stayed bridges are competitive for medium and long spans (500 feet to 1,500 feet).
The superstructure, consisting of a concrete deck on prestressed concrete beams, is supported at
several intermediate points by cables radiating from one or more towers.
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1043
ABUTMENT TYPES
May 4, 2022
First Edition

Abutments are structures positioned at the beginning and end of a bridge, which support
the superstructure and approach roadway and retains the earth embankment. Abutments can be
classified into the following five types:

Wall Type Abutment.

Pedestals.

Stub Abutment.

Integral Abutment.

Semi-Integral Abutment.

Geosynthetic Reinforced Soil — Integrated Bridge System (GRS-IBS).

ocouarwnE

1043.1-WALL ABUTMENT

This type of abutment, also known as a full height abutment, may be used when right-of-
way is critical, or the site does not permit a longer bridge with sloping embankments. Span lengths
can be reduced using a wall type abutment. The footing may transfer loads by direct bearing
(spread footing) or it may be supported on piles or rock socketed drilled shaft.

The maximum exposed face should generally be thirty (30) feet, measured from gutter line
to ground line in the profile view. Taller heights may be permitted, with permission of the Bridge
Project Manager, when the negative effects of a tall structure on the traveling public or aesthetics
are not a governing factor. Otherwise, where walls greater than thirty (30) feet are required, a
stepped (terraced) wall configuration shall be used.

1043.2-PEDESTALS

The beam seat is supported on columns/drilled shafts or pedestals resting on individual
footings. This configuration is useful for meeting unique construction problems, e.g., widely
varying elevations of competent rock.

1043.3-STUB ABUTMENT

Stub abutments are relatively short abutments that resemble wall type abutments. These
abutments are generally placed on the approach embankment and are supported on rock, piles or
rock socketed drilled shafts.

1043.4-INTEGRAL ABUTMENT

Integral abutments are generally short abutments supported on a single row of piling.
These abutments, like stub abutments, are generally placed on approach embankments and are well
suited for bridges with limited thermal movements. The ends of the bridge beams are cast directly
into the abutments, thereby eliminating the need for bridge deck expansion devices.
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This abutment type can be used in combination with MSE walls to provide the benefits of
a wall type abutment while satisfying the preference for using jointless bridges.
See SD 2090 for limitations on the use of integral abutments.

1043.5-SEMI-INTEGRAL ABUTMENT

Semi-integral abutments can be either wall or stub type abutments. The difference between
a semi-integral and an integral abutment is that for semi-integral abutments, the beams are cast in
a closure diaphragm that is structurally independent from the stem. This type also eliminates the
need for bridge deck expansion devices.

See SD 2090 for limitations on the use of semi-integral abutments.

1043.6-GEOSYNTHETIC REINFORCED SOIL-INTEGRATED BRIDGE SYSTEM
ABUTMENT (GRS-IBS)

GRS-IBS Abutments were initially developed by FHWA and can provide an economic
alternative to other abutment types especially where adjacent box beams are used, and scour is not
considered to affect the foundations. The GRS-IBS abutment type consists of high-performance
woven geotextile and open graded stone such as #8 crushed stone. For low abutment heights, this
abutment type can save time since concrete curing time is eliminated. The integrated approaches
provide the reinforced backfill required for bridges and can eliminate the need for approach and
sleeper slabs on low ADT bridges. Since the bridge is supported on the layers of GRS and no deep
foundations are needed, “the bump at the end of the bridge” is eliminated. Standard eight (8) inch
split face masonry block should be used as the facing.

It is important to place GRS-IBS abutments adjacent to non-scourable streams (hard
bedrock is exposed), or where the existing abutments can provide a scour wall, or where the
Reinforced Soil Foundation (RSF) can be placed below the scour depth. All GRS-IBS bridges
locations shall be approved by the State Bridge Engineer.

The design of GRS-IBS abutments is empirically based on a service limit bearing resistance
of 4,000 PSF provided by the criteria presented in “Geosynthetic Reinforced Soil Integrated Bridge
System Interim Implementation Guide” (Publication No. FHWAHRT-11-026) is followed.

1043.7-WINGWALLS

Wingwalls are walls on either side of an abutment used to retain the roadway embankment.
Wingwalls can be constructed of cast-in-place concrete or MSE walls and shall be designed as
retaining walls. They shall be sufficiently sized to prevent the roadway embankment from spilling
onto the abutment seats or into the clear area under the bridge.

U-shaped or turned-back wingwalls are commonly used in embankment situations and
straight wings are used in cut sections. Flared wingwalls between these extremes can also be
appropriate based on-site conditions. The Designer must study the existing and proposed surfaces
to determine which type of wingwalls best fits the site. Wingwalls with a tapered bottom surface
shall be avoided due to compaction difficulties beneath the wall. The top surface of U-shaped
wingwalls may be tapered parallel to the roadway slope to match the finished grade.

SD 1043
Page 2 of 2



WEST VIRGINIA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

STRUCTURE DIRECTIVE 1044
PIER TYPES
May 4, 2022
First Edition

Piers are intermediate supports in a multi-span bridge system. All feasible pier types must
be considered in the preliminary phases of the project.

1044.1-CAP-AND-COLUMN TYPE PIERS

Cap-and-column type piers have two or more circular or rectangular columns connected
on top with a cap (a reinforced concrete beam that supports the superstructure). Generally, the
pier cap ends will be cantilevered. For columns greater than one hundred (100) to 150 feet, the
use of a compression strut at mid-height, similar to the pier cap, shall be investigated. The
individual columns will be supported on an appropriate foundation.

1044.2-T-TYPE OR HAMMERHEAD OR WALL TYPE PIERS

T-Type or Hammerhead piers have a deep rectangular tapered beam carrying the
superstructure supported on a single wide rectangular or oval column in the middle. For wall type
piers, the width of the rectangular column will be very close to the length of the pier cap. The
single column will be supported on an appropriate foundation. In some situations, the feasibility
of using a single large circular column instead of a wide rectangular or oval column has to be
investigated during the preliminary design phase of the project.

1044.3-POST-TENSIONED CONCRETE/INTEGRAL PIER CAPS
To satisfy the vertical clearance requirement beneath a pier cap, a post-tensioned or integral
pier cap shall be investigated.

1044.4-STEEL PIER CAPS
Steel pier caps are fracture critical. 1f used, the design shall allow for reasonable access to
the interior for future maintenance, inspection, and repair.
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